A factor which agglutinates the germinated spores of Ceratocystis fIunbriata was isolated from the sweet potato root. The factor is a glycoprotein with a molecular weight of 1.6 x 106 daltons and required divalent cations such as Ca2+, Mn2+, Ni2+, and Mg2 for activity. The activity of the factor was pH-dependent. The factor also agglutinated rabbit erythrocytes and is classified as a phytohemagglutinin or lectin. The factor agglutinated germinated spores of seven strains of C. fimbrista to almost the same degree. The factor showed differentimIl agglutinating activity toward the strains in the presence of unidentified low molecular weight factor(s) in the sweet potato root. These results support our earlier suggestion that the spore-agglutinating factors in host plants function as the determinants of specificity in some host-parasite interactions.
and the lectins of their leguminous hosts. The ability of various isolates of Pseudomonas solanascearum to bind to potato lectin was tested by Sequeira and Graham (20) . They indicated that all avirulent strains of P. solanacearum agglutinated strongly with the lectin, while virulent isolates either failed to agglutinate or agglutinated only weakly.
In a preceding paper (12) , we reported that germinated spores of various strains of Ceratocystis fimbriata were differentially agglutinated in the heat-treated extract of the host plants such as sweet potato, potato, taro, cucumber, and kidney bean. We found that. there were close correlations between spore agglutination in vitro and the host-parasite relation in various combinations. This report deals with the isolation and the characterization of the factor in sweet potato root which agglutinated both germinated spores of C. fimbriata and erythrocytes.
MATERIALS AND METHODS Plant Materials. Sweet potato roots (Ipomea batatas Lam. cv. Norin [1] ) were harvested in October and stored at 10 C until used. The roots were washed, the outer cortex tissues were removed, and the inner root tissues were used for the experiments described below.
Purification of Spore-agglutinating Factor. Sweet potato root tissue (100 g) was homogenized at 4 C with 100 ml of water containing KCI (2 mM) and Na ascorbate (10 mM) (0.2%, w/v) in a blender. The homogenate was squeezed through cheesecloth and centrifuged at 2.2 x IO' g for 10 min at 4 C. The supernatant fraction was heated at 80 C for 1 min and centrifuged at 1.5 x 104 g for 10 min at 4 C. Twenty ml of resultant supernatant fraction was applied to a column of Sepharose 4B (3 x 19 cm), which had been equilibrated with 50 mm NaCl. The column was washed with 50 mm NaCl and 4-ml fractions of eluate were collected.
Acrylamide Gel Electrophoresis and Detection of Band. Acrylamide gels (4%, w/v) which had been loaded wth sample embedded in 4% gel were run at pH 8.6 . After electrophoresis, two separate gels were stained with Coomassie brilliant blue dye or periodic acid-Schiff reagent according to Keyser (9) .
Assay of Spore-agglutinating Activity. Spores of the sweet potato, coffee, prune, cacao, oak, taro, and almond strains of C. fimbriata Ell. and Halst. were prepared by the method reported previously (13) . These strains are different in their pathogenicity to various host plants. The cross-fertility between those strains has been investigated by Webster and Butler (22). Spores were incubated at 28 C for 2 hr in 10-fold diluted sweet potato root extract, which was prepared by extraction of 10 g of tissue with 10 ml of water. Spores of every strain gave 75 to 90% germination and 3 to 7 ,um of germ tube growth during incubation. The germinated spores were washed three times with water by centrifugation and dispersed with a Teflon homogenizer. Unless otherwise stated, the germinated spores of the coffee strain were used for assay of agglutinating activity. The germinated spores were suspended in 1.25 ml of water containing CaCl2 (8.5 mM) and sample to be assayed and incubated in a 15-ml vial at 28 C for 30 min on a shaker at 100 strokes/min. The degree of agglutination is presented as a relative agglutination value on an arbitrary scale where +1 represents the lowest amount of agglutination detectable by naked eyes. A minus sign denotes no agglutination. One unit of agglutinating activity is defined as the activity showing the lowest detectable agglutination of the germinated spores of the coffee strain. Agglutination assays were carried out by serial dilutions of samples. Sample titers were calculated from the highest dilution of samples showing 1 unit of agglutinating activity.
Assay of Erythrocyte-agglutinating Activity. Erythrocytes (1.0 x 108), which were freshly prepared from rabbit blood, were suspended in 0.32 ml of medium containing physiological saline solution (0.2 ml), CaCl2 (10 ,umol), and the purified sweet potato spore-agglutinating factor (0.39 ,ug of carbohydrate).
The medium was incubated in a hollow ofa plastic agglutination plate at 25 C. After 3-hr incubation, the reaction mixtures were examined; agglutination was revealed by adherence of the erythrocytes to the wall of the hollow. The erythrocytes sedimented in the bottom of the hollow when agglutination did not occur. In the control, the purified spore-agglutinating factor was omitted. Determination of Protein and Carbohydrate Contents. Protein was determined by the method of Lowry el al. (15) 
RESULTS
Purification of Spore-agglutinating Factor. When the heattreated extract was chromatographed on a Sepharose 4B column, two peaks showing spore-agglutinating activity appeared; one eluted at fractions 9 to 13 (sample A) and another at fractions 25 to 32 (sample B) (Fig. 1) . The spore-agglutinating factors in both samples A and B apparently are high mol wt compounds because they were eluted at a void volume of a Sephadex G-25 column. They were different in sensitivity to heat treatment; autoclaving at 120 C for 20 min inactivated the factor in sample B, but not the factor in sample A. The results indicated that sweet potato root contained at least two factors which agglutinate germinated spores of C. fimbriata. In the following part of this paper, we deal with only the spore-agglutinating factor in sample A.
The spore-agglutinating factor was purified 9.1 x 103-fold on the basis ofcarbohydrate and 5.4 x 103-fold on the basis of protein by the procedures described under "Materials and Methods" (Table I ). After electrophoresis of the purified sample on polyacrylamide gels, a single band was detected by staining with Coomassie brilliant blue dye and the periodic acid-Schiff reagent.
Properties of Isolated Spore-agglutinating Factor. The isolated agglutinating factor was assumed to be a glycoprotein by the following experimental results. First, agglutinating activity was lost by periodic acid treatment of the factor (Table II) . Second, the factor firmly bound to a Con A-Sepharose 4B column which is known to have a specific affinity for molecules containing terminal a-D-glucopyranosyl and a-D-mannopyranosyl residues (8) . Third, the factor was partially inactivated by pronase treatment. Finally, a purified sample of the factor after electrophoresis on polyacrylamide gel showed a single band which was stained by both Coomassie brilliant blue and periodic acid-Schiff reagent.
The mol wt of the agglutinating factor was estimated to be 1.6
x 106 daltons by a Sepharose 4B column chromatography using blue dextran (2.0 x 10 daltons), ferritin (5. showed an absolute requirement for divalent cations such as Mg2+, Ca2+, Mn2+, and Ni2l for activity. Na+, K+, and Li+ showed no effect on agglutination (Table III) .
The agglutination of spores by the factor depended on pH; no agglutination occurred at higher pH range over 7.5.
The factor agglutinated pronase-treated germinated spores more strongly than untreated germinated spores, suggesting that the possible receptor for the agglutinating factor on the cell surface of the fungi is not proteinaceous or that pronase treatment made the receptor site on the spore more accessible to the factor.
The spore-agglutinating factor also strongly agglutinated the rabbit erythrocytes.
Agglutination of Various Strains of C. fimbriat by Isolated
Spore-agglutinating Factor. The isolated factor was examined for agglutinating activity on germinated spores of seven strains of C.
fimbriata, including the sweet potato, coffee, prune, cacao, oak, taro, and almond strains (Table IV) . The factor agglutinated the germinated spore of all seven strains to almost the same degree thus displaying no selectivity. This is in contrast to results of our previous studies which indicated that of several strains tested, only spores of the sweet potato strain failed to agglutinate in the heat-treated extract (12) . We studied the cause of the lack of differential agglutinating activity of the isolated factor by using agglutination tests on spores of the sweet potato and coffee strains.
The heat-treated preparation (15 ml) was chromatographed on a Sephadex G-25 column (3 x 28 cm) and 5-ml fractions of eluate were collected. Each fraction was assayed with spores of the sweet potato and coffee strains for inhibition of the isolated sporeagglutinating factor. Two peaks of inhibitory activity were detected; one (high mol wt inhibitory fraction) was at fractions 11 and 12, in the void volume, and another (low mol wt inhibitory fraction) occurred in fractions 29 and 30 in the low mol wt fraction. As seen from Table V, the high mol wt inhibitory factor(s) in the void volume inhibited the agglutination of both Table TV . Agglutination of the Rerminated spores of various strains of C. fimbriata by spore-agglutinating factor of sweet potato Assay was carried out using the isolated spore-aRgl.tinating factor by the procedures described in MATERIALS AND METHODS. the sweet potato and coffee strains, whereas the low mol wt inhibitory factor(s) strongly inhibited the agglutination of the sweet potato strain but not that of the coffee strain. These results indicate that selectivity of agglutinating activity is lost by removal of the low mol wt factor(s) which inhibits specifically the agglutination of the sweet potato strain. DISCUSSION The factor isolated in this paper agglutinated not only the germinated spores of C. fimbriata but also rabbit erythrocytes. It is reasonable to assume from the homogeneity of the isolated factor after electrophoresis on polyacrylamide gel that these two activities can be ascribed to a single entity. Therefore, the factor is classified as a phytohemagglutinin or a lectin. To our knowledge, this is the first report of isolation of lectin from sweet potato root.
The mol wt of the spore-agglutinating factor was estimated to be 1.6 x 106 daltons. Although such an unusually high mol wt suggested that it is a membranous component, it seems to be unlikely because the lyophilized factor was almost freely soluble in water. At present, we cannot indicate the cellular location of the factor or its origin. The cellular location of the factor should be very important in considering the possibility of its participation in host-parasite interactions. The isolated factor did not differentially agglutinate spores of the various strains of C. fimbriata, although the crude one showed distinctive differential agglutinating activity. We demonstrated the presence of low mol wt factor(s) in the extract of sweet potato which confers differential agglutinating activity on the isolated high molecular agglutinating factor. We have insufficient data to present a mechanism of acquisition of differential agglutinating activity of the isolated factor. However, it can be safely assumed that difference in spore surface structures, which was indicated by different responses of germinated spores to Con A (14) , must be the basis for differences in agglutination of spores of the various strains.
Recently, it has been revealed that carbohydrates or glycoproteins serve as determinants of the specificity of various systems such as sexual mating of yeast (21) , species-specific aggregation of sponge cells (17) , and pollination in plants (11) . The results in this paper indicated that the spore-agglutinating factor is a glycoprotein, of which the carbohydrate moiety has a role in its agglutinating activity (Table I) . Moreover, the factor showed differential agglutinating activity cooperatively with unidentified low mol wt factor(s) as mentioned above. The results described in this paper and the close correlations between spore agglutination in vitro and the host-parasite reaction in vivo which was shown in the preceding paper (12) , make it seem possible that the spore-agglutinating factor isolated in this paper is involved in the determination of specificity between the sweet potato and various strains of C. fimbriata.
